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PART ONE 
THE OVICIDAL AND SCALICIDAL PROPERTIES OP SOLUTIONS 
OP DINlTRO-O-CyCLOHEXyLPHENOL IN PETROLEmi OIL 
-5-
!• IHTRODTJCTIOH 
Since 1923, emulsions of lubricating oil have been used 
extensively for the control of insects diarlng the dormant 
period. Certain Insects In the dormant condition are very 
resistant to Insecticides; for this reason rather large con­
centrations of oil are often recommended* The primary object 
of this part of the present investigation was to determine 
whether dinitro-o-cyclohexylphenol, which has shown rather 
unusual promise as a contact and stomach poison for certain 
insects, could be incorporated with a petroleum oil to obtain 
a more effective Insecticide than the oil alone. Such a 
miacture of petroleum oil and dlnltro-o-cyclohexylphenol would 
considerably reduce the arnoimt of oil in the diluted spray, 
and in this way, lessen the chances of tree injury without 
reducing the effectiveness of the mixture# 
-6 
II, HISTORICAL 
Por many years nltro-phenols have been known to possess 
Insectlcldal properties. As early as 1892, a preparation 
"Antinonnine" which consisted of potaasium 3-5 dinitro-o-
cresylate and soap was marketed by a German company (3, 4}. 
The ammonium and potassium salts of 3-5 dinitro-o-cresol and 
3-5 dlnitro-p-cresol were found by Jackson and Lefroy (8) to 
be toxic as stomach jwlsons for the house fly, Musca domestlca 
L, The ortho-cresylates were more effective than the para-
cresylates. William Moore (11) determined that o-nitrophenol 
in the gaseous state was toxic to the house fly. He later found 
(12) that p-nitrophenol in combination with creosote and talc 
was effective against the clothes louse, Pediculus humanua 
(Vestimenti). Cooper and Walling (5) found that ortho and para-
nitrophenol wore toxic to blow fly larvae, Hargreaves (7) 
tested several nltro-phenols as stomach poisons for certain 
species of lepidopterous larvae and obtained results comparable 
to those of Jackson and Lefroy* Even dlnitrophenol gave 
Indications of toxicity as a stcsnach poison* An extensive 
investigation of the relative toxicity of nltro-phenols as 
contact poisons was made by Tattersfleld et al, (17), They 
studied a series of nltro-phenols and concluded that 3-5 dl-
nltro-o-creaol was the most toxic to Aphis rumicis L* and to 
eggs of Selenia tetralunarla Htifn, Several nltpo-phenols were 
included In the list cf organic compounds tested by McAllister 
and Van Leeuwen (9) against newly hatched larvae of the codling 
moth, Carpocapsa pomonella L* 2-4 dinitrophenol, 3-5 dinltro-o-
creaol, and 2-6 dinltro-4-chlorophenol were among those compounds 
which gave the most promisins results* 
The above resume of the literature pertaining to the use of 
nitro-phenols in combinations other than petroleum oil is not 
exhaustive; only the more pertinent papers have been reviewed. 
The number of publications concerned with the toxicity of 
mixtures of nltro-phenols and petroleum oil are few. It was 
reported (2) that 3-5 dinitro-o-cresol increased the effective­
ness of oil sprays to eggs of the mealy plum aphid, Hyalopterus 
arundinls (Pab«)« Ralph H. Smith (14) was unsuccessful in 
attempting to increase the effectiveness of highly refined spray 
oils by the addition of toxic organic compoimds. Among the 
substances tested was 3-5 dlnitro-o-cresol» McGovran (10) deter­
mined the toxicity of several nitro-phenola in uneamlslfied white 
oil to newly hatched codling moth larvae. The mixtures, which 
included 2-4 dinitrophenol and 3-5 dinitro-o-cresol in petroleum 
oil, gave only slightly higher net controls than oil alone. 
In the present investigation, a nianber of nltro-phenols 
dissolved in petroleum oil have been tested as contact insecti­
cides* The compound which showed consistently the highest 
"•8» 
toxicity was dlnltro-o-cyclohexylphenol. A report Is given in 
this thesis on the toxicity of solutions of the compound In 
petroleum oil to the San Jose scale, Aapldlotus pernlclosus 
Corns took and to eggs of a plant bug, Ly^aeus t Stal* 
Ill, MATERIALS AND METHODS 
A. Materials 
The eggs of Lygaeus kalmli were well suited for the ovl-
cldal experimentation. The eggs can be obtained easily during 
the winter months (13) and have a high percentage of fertility. 
They stand rather rough treatment without noticeable injury and 
are quite resistant to ovicides. 
Ovei»winterlng San Jose scales, which were collected from 
infested apple trees in the vicinity of Ames, Iowa, were employed 
in the scalicide tests* 
The organic compound with which this investigation is con­
cerned is dinitro-o-cyclohexylphenol, or more specifically 2-4 
dinitro-6-cyclohexylphenol, a yellowish-white crystalline sub­
stance, practically insoluble in water^ soluble in petroleum 
oil, and having a melting point of 106® C« 
The petroleum oil (Diamond Paraffin Oil) employed in the 
experiments has the following specifications; Sp» gr« (20® C«) 
0.8815; sulfonation value 82 per cent; viscosity (Saybolt, 100® 
P.) 99 - 100 seconds and (140® P«) 53 - 54 secondsj boiling 
range 606® - 742® P. 
10-
B* Preparation of anulsions 
Stock petroleioa oil emulsions and emtilaions containing 
varying amotinta of tihe compotind dissolved in the oil phase 
were prepared in the laboratory according to the following 
formula: petroleum oil plus the compound >» 75 per cent by 
weight, casoin - 2 per cent, and ammonia water (N^ - 28 per 
cent) • 23 per cent. The petroleum oil containing the dis­
solved compoimd was gradually dispersed in ammonium caseinate 
solution (the outside idiase), which was previously homogenized 
in a glass dispensing mortar* Upon completion of the addition 
of the petroleum oil mixture, the agitation was continued for 
about 10 minutes to reduce the drop size within the desired 
range of 1 to 10 microns. Every effort was made to prepare 
tho emulsions as uniformly as possible because differences in 
the degree of dispersion of the oil might produce heterogeneous 
results* 
C* A Laboratory Method for Ccraparing the Toxicity of Ovicides. 
The results of preliminary tests with Lygaeus eggs indi­
cated that the variability was considerably reduced and that 
points on the toxicity curves were more congruous if the bugs 
that died immediately after hatching were included in the cal­
culated mortalities* In the following method, therefore, the 
—ll-* 
embryonic and post-embryonic mortalities have been pooled to 
fximish a measure of the total effectiveness of the ovicide* 
Eggs deposited over a 24-hour period were placed in a small 
beaker and thoroiighly mixed to insure hooaogeneous sampling* The 
ova were drawn in sample lots of 50* Sach sample vr^s acattex^d 
evenly over the center of a moistened semi-crepe type of filter 
paper (9 cm. in diameter) contained in a petri dish of standard 
slsse; car© ^3 taken to prevent the eggs from coming in mutual 
contact. The petri dish containing the eggs was placed In an 
apparatus similar to that described by Tattersfleld and Morris 
(16J and sprayed with 2*5 c»c» of a specified diluted emulsion 
at a pressure of 10 pounds per square inch. Upon removal of 
the dish from the apparatus, the excess spray liquid was drained 
and the exposed glass of the dish was wiped clean. The controls 
were treated with the same techniqiM with the exception that 
water was used Instead of a diluted emulsion. The dishes with 
the treated eggs were arranged in a chamber at a constant 
o 
temperature of 30 C. and a relative humidity of about 85 per 
cent. Six days in the incubator was ample time* for all the 
eggs to hatch. In determining the results of a treatment, the 
number of eggs that yielded healthy bugs, eggs that failed to 
hatch, and bugs that died immediately following emergence, were 
*The difference In the time of hatching of the eggs in the 
controls and those sprayed with the more toxic mixtures of 
petroleum oil was about 24 hours. This delay made it necessary 
to wait at least 24 hours beyond the lasual incubation period. 
recorded* 
As the healthy hugs soon leave the dishes In search of 
food. It waa easy to formulate a criterion regarding the post-
embryonic mortality* The bugs that died on the filter papers 
were considered to have been so weakened by the toxic action of 
the ovicide that death ensued before escape from the dish was 
possible. To make certain that the oil films which remained on 
the inside walls of the dishes were not delaying or preventing 
live bugs from escaping, the filter papers with their respective 
lots of eggs were transferred to clean dishes before hatching 
began. The live bugs were prevented from migrating to other 
dishes by coating the lower outside edge of each dish with a 
small amount of vfliite oil* 
At the end of the incubation period, examination of the 
treated eggs showed that the embryos had died at various stages 
of development. This was evidenced by the color of the eggs* 
Some were straw-colored, indicating that the embryos died soon 
after the eggs were sprayed; others were dark-yellow, indicating 
that the embryos developed for a period before succumbing to the 
mlxtiire. Still other ova were orange-red In color. These eggs 
had almost reached the point of hatching, but the embryos were 
so weakened by the poison that they were not able to break 
through the chorion* Some of the fully developed embryos broke 
through the egg shell but died imoiediately after* In order to 
complete the mortality data. It seemed desirable to Include 
-13-
theae poat-embryonie deaths# 
The mortality determinations were made soon enough after 
hatching that starvation could not have been responsible for the 
deaths* A check was made to determine whether the dried spray 
material remaining on the filter papers could have been re­
sponsible. Before hatching, eggs were transferred to a clean 
filter paper, but bugs died regardless* The deaths were caused 
by the treatment the eggs received while the embryos wore in the 
earlier stages of development. 
In contrast to the results obtained with eggs treated with 
the toxic mixtures, the control eggs hatched and most of the 
young bugs immediately left the petri dishes in search of food. 
A good ovicide does not necessarily have to prevent all 
eggs from hatching provided the bugs that hatch from the re­
maining eggs die immediately following emergence# This point 
has been neglected by previous workers and should be evaluated 
in comparing the toxicities of ovicides. 
D. A Laboratory Method of Comparing the Toxicity of 
Substances to the San Jose Scale 
One of the chief problems of the insect toxicologist is 
the heterogenety of insect populations. Because of significant 
differences in viability of poimlatlons, erroneous conclusions 
are frequently drawn. To overcome this variability as much as 
-Im­
possible Insects used in insecticide studies are reared in 
the laboratory under uniform conditions. There are, however, 
relatively few experimental insects that can "be reared easily 
tinder uniform conditions and that are siifflciontly homogeneous 
at all times. As a result the insect toxlcolosist is frequently 
compelled to work with heterogeneous populations. 
The results of preliminary exporiments with the San Jose' 
scale revealed that the population obtained from the field was 
very heterogeneous in regard to viability. In order to obtain 
homogeneous results it was necessary to devise a method that 
would he adequate in technique and experimental design. The 
following method has given very good results. 
1. Experimental design 
Branches about one-half Inch in diameter and well infested 
with San Jose scales were cut from apple trees in the vicinity 
of Ames, Iowa. The trees from which the branches were pruned 
had never been sprayed for this Insect and as a result parts 
of the trees were very heavily encnisted. Branches that were 
heavily encrusted were avoided in collecting the material because 
on such branches the scale could not be treated uniformly. The 
smaller bra.~c'iea wore pruned and the main branches were cut in 
lengths from 12 to 16 inches* It was assumed that the scale 
population on each length was homogeneous^ i.e*^ scuaples drawn 
—15>" 
from the population woxild not differ aignlficantly in viability# 
It is imperative that substances "whose toxicities are to bo 
compared be tested on a homogeneous scale population; therefore, 
each of the lengths were subdivided in s^^oups of five or six 
pieces dependinij the number of different materials to be 
tested# One stick from each group was set aside for tri© control 
and the remainlns sticks vfore sprayed with the emulsions con­
taining varying percenta^res of dlnltro-o-cyclohexylphenol dis­
solved In the oil phase. I'he pieces were chosen at random 
from the groups and were maintained in a definite order with 
respect to the groups and the treatment received. 
2» Prooedure 
Each piece was impaled on the end of a dissecting needle, 
inserted through a hole at the base of the bell jar of an 
apparatus similar to that described by Tattersfield and Morris 
(16), and sprayed with 2*5 c#c. of a specified diluted emulsion 
at a pressure of 10 pounds per square inch. The needle was 
revolved continuously during the spraying procedure in order to 
insure complete coverage of the scale* The stick was then re­
moved from the needle and set aside with the corresponciing control 
of the group# After treatment, the groups were placed at constant 
temperature (30® C«) and humidity (about 70 per cent) for a 
period of 72 hours. At the end of this time the iBortallty de­
terminations were made* Preliminary tests showed that 72 hours 
•16-
vas STafflclent tlmej when, the time was increased beyond 78 hours^ 
the mortality of the control scales increased rapidly. It was, 
therefore y very important that the scales be checked at the end 
of the 72 hour period. 
The covers were carefully lifted from 60 overwintering 
scales that were examined at random from all parts of each 
of the sticks or branch sections of the groups. Failure of the 
scale to respond when probed with a dissecting needle, a marked 
shrivelling, and an orange-brown color, the latter contrasting 
with the lemon-yellow color of the normal live scale, were 
employed as criteria of death. 
3. Statistical analysis 
In order to test the hcanogeneity of the scale population, 
the adequacy of the technique, and the reliability of the 
experimental design, the chi-square (X®) test for homogeneity was 
applied. Results obtained by the method that has been outlined 
were tested for homogeneity with the method of computation out­
lined by Snedecor and Irwin (15). The values of chi-square in 
the ccmtrols from group to group, i«e. among the subsamples, 
showed that the probabilities of death for the untreated scale 
differed significantly from branch to branch. This means that 
the differences in the normal percentsige mortalities were 
greater than could be attributed to random sampling from a 
homogeneous population. It was very reasonable to expect that 
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the normal mortality of San Jose scales in the field would be 
quite different from branch to branch and tree to tree. In 
view of this heterogeneity it shoTild be expected that the per­
centage mortalities obtained with different treatments would 
vary significantly from group to group. This is preciaely what 
happened. Por example, in Table I under treatment A* the value 
of chi-aquare is 64*922 for the percentage mortalities among 
the 17 subsamples. It is noted upon entering a table of chi-
square with 17 - 1 =s 16 degrees of freedom that the probability 
of occurrence of such a value of chi-square in random sampling 
is less than 0»01* Therefore^ these subsample mortalities are 
heterogeneous• 
The following questions present themslevss. Is this lack 
of homogeneity among the subsamples under various treatments due 
entirely to the heterogeneity of the scale population, or is it 
because of the treatment applied? If the only disturbance in the 
results were due to a difference in viability of the 17 groups of 
scale, the mortalities due to the treatments should always 
appear in the same proportion. Do these values depart signi­
ficantly from proportionality? 
*The toxicity of emulsions of dlnltro-o-cyclohexylphenol 
dissolved in petrolexim oil will be taken up in the results of 
the scallcidal experiments. It will suffice as far as 
explanation of the method is concerned to refer to the differ­
ent treatments as lettered^ 
Table I, Results Obtained with Three Emulsions of Dlnltro-o-oyclohexylphenol Dissolved 
in Petroleum Oil and Applied to San Jose' Scales 
t 
Group 
Number 
TREATMENT A 
(Petroxeum uil) 
TREATISENT B 
(Petroleum oiJ. + 0*1 
per cent DNOCHP)S 
TREATMENT C 
(Petroleum on + 0*5 
per cent DNOCHP) 
A 
Totals 
No •Dead''*: No •Dead: X** 
(Actual):(Ex- : 
snected): 
No.Dead :No.Dead> X" 
(Actual):(Ex- ; 
XDected)s 
No.Dead 
(Actual) 
No.Dead 
(Ex­
pected) 
X" ITo. > X® • 
Dead: 
• 
• 
1 32 jSO.650 I •0612 
} t 
47 >45*589 ) *0437 51 53*781 *144 
> 
1S0> *249 
"8 99 :i4.655 t *5501 ii >51*551 t *65^ 87 60*814 *239 147> *&4& 
5 98 X93.929 : *4864 51 >50.498 > *005 55 59*573 *^5l 144: *844 
4 21 :26«860 : 1*878 45 >39*^78 > *631 48 47.1^2 *015 114> 1*924 
5 88 tS5.457 t ttSgO 57 >49*797 >1*048 57 ^6*746 •• *052 142> 1*984 
6 47 (38*877 I 1.697 56 >57.863 > *0003 60 68*260 *999 165: 2*696 
7 17 ti^«326 t 1*716 3d >^*716 > *310 44 40*956 •^6 99: 2*252 
8 ^ t29*688 t *096 40 >44.186 > *396 58 52*186 *661 126> 1*153 
9 84 >89*688 t i*(^i 43 >44*186 > *318 59 ^&*lgg *906 lSd> g.31S 
Id X *^^ 47 >44.888 I *099 55 52.963 .67§ 128: .751 
u 25 >27*331 1 *199 41 >40*679 t *6^6 50 47.ddd *084 116: *286 
IS 30 >29*688 > *0034 40 >44.186 S *396 56 5^.126 *287 126: .686 
15 88 >^6.860 : .048 >3d.d7d > *063 48 47.1^ 2 .OlS 114: .141 
33 I30«866 > *148 47 >45.940 > *024 """"n •" 54.1^4 .188 131> *360 
IS 3^ 128*981 : *676 39 >43.134 : M6 51 50*885 *0003 133: .972 
16 37 t32«986 : *488 49 >49.09^ > .0002 54 S7.51S •26& 140: *753 
17 SO >Sd*085 t .18? 37 >41.731 : :5Se SS 49.230 .133 115> .329 
Totals 
i : 
516 > 516 {10*037 
: > 
768 : 768 >4*357 906 906 4.6673 
> 
2190>19*061 
1* Number of dead scale recorded from a subsample of 60 scales* 
The total number of scale coTuited with each treatment was 1Q20* 
2 • DNOCHPtcDini tr o-o-cyclohexylphenol • 
••19— 
To facilitate explanation, a portion of some original 
scallcldal data, together with the statistical restiltsy have 
been prepared In Table I* The table has been arranged In 17 
groups of 3 treatments and corresponds precisely to the experi­
mental design that has been given. The data under the columns 
designated "Actual Number Dead" were taken from the original 
data and each value is the number of dead scale recorded from 
the subsample of 60. The values under the columns designated 
"Expected Niamber Dead" were calculated by proportion from the 
observed totals. For example, under treatment A, group 8, the 
expected number of dead scale Is calculated: 
Expected number dead = (126^^16) as 29•688 
These expected values have been arranged opposite their respect­
ive actual values. The columns for the actual and expected 
number of dead scale must agree In their sums. The value for 
chi-square In the table was calculated by the formula 
X2 = s<» 
n 
In which "x" Is the actual number of dead scale In each sub-
sample and "m" is the expected number of dead scale In the seme 
subsait^le. The value of chi-square* for the entire table is 
the summation of the contributions made by each subsample. 
«The chl-aquare test emplofyed in this analysis was 
adopted from a method by R. A. Plsher (6}« 
-20-
and 13 given In Table I as 19,061« Upon entering a table of 
chi-square with 16 x 2 = 32 degrees of freedom, the value of 
chl-3quare shows that the probability (P) is greater than 0,1 
and therefore the departures of the actual values from pro­
portionality are insignifleant. This close agreement of the 
actual ntambers with the expected numbers demonstrates that the 
number of dead scale recorded from each subsample is jxist what 
would be expected from the viability of the groups of scale* 
If there were a differential viability of the scale within sl^oups 
or if the experimental technique were Inadequate, the departures 
of the actual values from proportionality should have been signi­
ficant# Therefore, within the limits of experimental error, the 
scale within each group may be regarded as sufficiently homo­
geneous and the technique of handling it adequate. The lack of 
homogeneity among the subsamples under various ti»eatraents was 
not because of the treatment applied but due entirely to the 
heterogeneity of the scale population between branches# This 
heterogeneity between the groups of scale has not affected the 
homogeneity of the results because each treatment was applied 
to the same homogeneous scale population within each group# 
Average (weighted mean) percentage mortalities, that were 
obtained with the three treatments, were calculated from the 
totals of Table I# These values were tested for significant 
differences by means of the chi-square test for homogeneity# 
The data for the average percentage mortalities together with 
-21-
the atatistlcal results have heen sunzoarized in Table ZX« The 
value of chi-aquare for the three percentage mortalities la 
376*855 and vas computed by the nethod of Snedecor end Irvin 
{15)« It is noted, upon entering a table of chi-aquare with 
3 - 1 3s 2 degrees of freedom, that the value for chi-aquare la 
far outside the range of the table showing highly significant 
differences in the three percentage mortalities* 
Table II* A Statistical Comparison of Three Average 
Percentage Mortalities Obtained with Three 
Emulsions Applied to San Jos^ Scale* 
Treatments 
Number : Number 
of t Dead 
Scales : 
Average 
Percentage 
Mortality 
CJhi-aquare 
(X^J 
A 
: 
1020 : 516 50*58823 
B 1020 s 768 75*29411 
C 1020 I 906 88*82352 
5 ; 
t : 
Totals : «060 : 2190 
Means 
71*56862 
x2 a 376*855 
(Pa < 0*01) 
t : 
-22-
The experimental method that haa been designed for comparing 
the toxicity of varlaas substances to the San Joae scale affords 
a means by nsflilch homogeneous results can be obtained and 
accurate comparisons of materials made without danger of 
erroneous conclusions being formulated. The method further 
demonstrates that conclusive results can be obtained with a 
heterogeneous Insect population x^ovided that homogeneous groups» 
each of siifflcient size to provide for the desired treatments, 
can be drawn from the population# 
The author believes that the method can be extended for 
usage in toxicity studies with other scale Insects# The general 
design can be employed for comparing the toxicity of substances 
particularly in cases where the viability of the Insect popu­
lation is significantly variable. The statistical methods that 
have been employed are very useful for testing the adequacy of 
the experimental technique, the homogeneity of the populations, 
and for ascertaining whether the depart-ures of the results from 
expectancy are of a magnitude ascribable to the chances of 
random aampllng • 
-2S-
IV. RESUI/TS 
A. Ovlcidal Results 
The results of the ovicide experiments with emulsions of 
dinitro-o-cyclohexylphenol dissolved in petroleum oil have been 
summarized in Table III* The mean percentages of mortality 
given are average (weighted mean) values for the subsemple 
mortalities under each dilution of petroleum oil and petroleum 
oil plus the dinitro-coonpound* The net mortalities have been 
arranged in the table directly opposite the mean percentage 
mortalities9 and vers calculated by means of the well-knovn 
formula {1)» In calculating these net mortalities petroleima 
oil is used as the basis for comparison in order to evaluate 
the toxicity of the dlnltro-compound over and above, the 
toxicity of the petroleum oil. The mean mortality of the 
controls is included in the mean mortalities given in the table 
for the three dilutions from the stock oil emulsion^ The net 
mortalities for the petroleum oil emulsion without the dlnltro-
compound based on the controls are 6»6« 40*2^ and 56*7 per cents 
for stock dilutions of 1*0, 2»0, and 5*0 per cents respectively. 
The data for the net mortalities as given in Table III were 
plotted against their respective concentrations in per cent of 
the dinitro^compound dissolved in the oil phase of the diluted 
emulsions* The resultant curves are illustrated in Plguro 1» 
Table III» Toxicity of Emiilalons of Dlnitro-o-cyclohexylphenol Dissolved In Petroleum 
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Figure 1. Toxicity of Solutions of Dlnltro-o-cyclohexylphenol in 
Petroleum Oil to Efegs of Lygaeus kaTi Stal, 
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The three toxicity curves In Figure 1 show the concentrations of 
dlnltro-^o-cyclohexylphenol dissolved In the oil phase that were 
required to give 99 to 100 per cent net mortality# Using a 
stock emulsion dilution of 1*0 per cent by weight of oil plus the 
dinltro-ooiapound, 6*67 per cent of the compound dissolved in the 
oil phase was required to give 100 per cent net mortality# A 
stock dilution of 2«0 per cent by weight reqioired 3.0 x^er cent 
of the dinitro-compound dissolved in the oil phase, whereas a 
stock dilution of 3.0 per cent required 2.0 per cent of the di-
ni tr o-compoiand • 
The original ovicldal data were analyzed for homogeneity by 
means of the chi-square (X^) test*. The object was to ascertain 
whether the differences among the mortalities of the subsamples 
were of a magnitude ascrlbable to the chances of random sampling* 
The analysis is a critical test of the adequacy of the ovicide 
method and the uniformity of the egg population* 
The total values of chi-square are given in Table III for 
the data of each stock dilution of petroleum oil or oil plus 
the dinitro-compound (data for each curve in Figure !)• The 
total chi-squares were obtained by the summation of the contri­
buting values of chi-square for each sample* In pca»enthesia 
are given the probabilities of occurrence of such values of chi-
«The method of computation for the case of unequal 
frequencies has been outlined by Snedecor and Irwin (15)* Tables 
of chi-square and probability in Fisher's book (6) were employed* 
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aquare In random sampling. In each case the 7alue8 are greater 
than 0*05, the generally accepted limit of significance* Since 
the probabilities lie between 0*1 and 0«9 there la no reason 
to suspect that the differences in the mortalities of tiie sub-
samples are otherwise than chance deviations« i.e.., the sub-
sample mortalities with the different treatments and in the 
controls vary only so much as would be expected in random 
sampling from a homogeneous population* It can be concluded 
that witliln the limits of experimental error the egg popu­
lation was homogeneous and the technique of handling it was 
adequate. 
B. Scalicidal Hesvilts 
The results of the toxicity experiments with emulsions of 
dinitro-o-cyclohexylphenol dissolved in petroleum oil and 
applied to San Jose scale are 3\amnarized in Table IV. The 
mean percentage mortalities and the net mortalities as compared 
with petroleum oil were derived in the same way as those of 
Table III* The net mortalities of the dinltro-compoimd as 
ccanpared with petroleum oil were plotted against their respective 
concentrations in per cent of dinitro-compound dissolved in the 
oil phase of the diluted emulsions* The two curves that are 
illustrated In Figure 2 were obtained by using stock emulsion 
dilutions of 1*0 and 2*0 per cent by weight of petroleum oil 
plus the dinitro-compound* Stock emulsion dilutions of 1*0 
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per cent required 3*0 per cent of the dlnitro-ccHnpo'und In the 
oil phase to give 100 per cent net mortality of San Jose"^ scale* 
Net mortalltiea of 98 per cent were obtained vith only half 
the conoentration of dinitro-compoiind in the oil phaae reqiiired 
for 100 per cent net mortalities# 
Table IV. Toxicity of Emulsions of Dlnltro-o-cyclohexy'lphenol In Petroleum Oil to 
the San Josef Scale. 
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Figure 2. Toxicity of Solutions of Dinitro-o-cyclohexylphenol 
in Petroleum Oil to the San Jose Scale. 
* V. DISCUSSIOH OP RESULTS 
The toxicity of dlnltro^o^cyclohexylphenol In petpolem oil 
was evaluated as net percentage mortalities over and al>ove 
petrolem oil toxicity* It should be emphasized that these data 
as given in Tables III and IV and plotted in Figures 1 and 2 
show not only the percentage Increase in toxicity above petro­
leum oil but include, in addltiony the possible factor of 
synergistic effect* This kind of activation is not well tmder* 
stoodf but is x>eoognized on the basis that the toxicity of a 
petroleum oil solution of dinitro-o-cyclohexylpihenol is greater 
than the susios of the toxicities of the components* It is 
believed that the petroleum oil serves as a toxic solvent and 
synergist for the more toxic dinltro-compound because of the 
loiown toxicity of this compouxid vhen applied in certain other 
ways* 
The dispersed oil globules that contain dinitro-o-cyclo-
hexylphenol in solution break from the aqueous phase directly 
on the ,surface of the egg or scale* The amount of the dlnitro-
compound present in the continuous or outside xdiase is very 
small and its bearing on toxicity is probably nil* For these 
reasons the concentrations of dinltro*o-oyclohe:Qrlphsnol were 
expressed in terms of per cent (grans per 100 grans of solution) 
of the dlnltro-cotnrpound dissolved in the petroleum oil phase* 
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If the concaitrations had been given In per cent of the dl-
nltro-conipoiind in the diluted enmlaion, e 1»0 i>er cent dilution 
of petroleum oil plus 3*0 per cent of the dinitro-compound would 
contain 0«03 per cent of the compound in the diluted emulsion* 
The results of the toxicity experiments with solutions of 
dinltro-o-cyolohexylphenol in petrolexm oil have demonstrated 
that only a relatively small concentration of oil is necessary 
to carry an effective concentration of the diiiitro-compound. 
For exai^ple, a 100 per cent net mortality of San Jose scale was 
obtained with an oil mixture diluted to a spray strength of 1«0 
per cent and containing 3»0 per cent of the dinitro-compoiand 
dissolved in the oil phase of the emulsion# Laboratory experi­
ments have shown that a dilution of 3*0 per cent of petroleum 
oil without the dinitro-con^ound is necessary to furnish about 
an equally effective mortality of scale* In the ovicidal 
experiments, a 100 per cent not mortality was obtained with a 
1*0 per cent dilution of the oil mixtui?e containing 6*67 per 
cent of the compound dissolved in the oil phase. A dilution 
of 5*0 per cent oil witlaout the dinitro-eonipound gave only 
59 per cent net mortality of eggs. These mlxtxires of petro­
leum oil plus dlnitro-o-cycl<^xylp3ienol considerably reduce 
the amount of oil in the diluted sprays without reducing the 
effectiveness of the mixture for control of the eggs and 
scale. 
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Because of the specificity of Inseotlcldal aetion^ it is 
not reasonable to assume that the solutions of dinitro-o-cyclo» 
hexylphenol in petroleum oil will control all species of 
injurious insects. Houevery other laboratory tests have shown 
that solutions of dinitro-o-^yclohejcylphenol in petroleum oil 
were effective against eggs of the squash bug, Anasa tristis 
De Geer; the Colorado potato beetle* Leptinotaraa deoemlineata 
(Say); and a sod webworm moth, Graaibus teterrellus Zincken. 
Also, recent laboratory experiments have demonstrated that the 
lethal concentrations established for the San Jose scale were 
very effective for the control of the European elm scale, 
Qossyparia spuria Modeer* 
Those laboratory experiments with solutions of dlnitro-
o-cyclohexylphenol In petrolem oil have in general compared 
favorably with field experiments conducted by Dutton^. iThe 
field results have been very promising and the use of the 
mixtures for the control of insects during the dormant period 
is Indicated* 
*Dutton, W, C* Orchard Trials of Dinitro-o-eyclohexyl-
l^ienol in Oil for the Control of the Rosy Apple Aphis and 
San Jos^ Scale. This paper will be published in the Jour. Eoon. 
Ent. 29 (1). 1936* 
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VI. SUMMARY 
The toxicity of solutions of dlnitro»o<-cyelohez7lphenol In 
petroleum oil have been determined in the laborato3?y for the 
San Jos4^ scale and eggs of Lygaeua kalmii* 
A method has been given for coaaparins th^oxicltles of 
substances to the Lygaeus eggs* In the method proposed, the 
eir^ryonio and post-embrycmic mortalities were pooled to furnish 
a measure of the total effectiveness of the ovicide* 
A method has been given for comparing the toxicities of 
contact insecticides to the San Jose scale and other scale 
insects* Olhe general design can be employed for comparing the 
toxicity of substances particularly in cases where the vi­
ability of the insect population is significantly variable* A 
statistical analysis demonstrated that homogeneous results 
could be obtained and accu3mte comparisons of materials made 
without danger of formulating erroneous conclusions* The 
analysis further demonstrated that concltusive results could 
be obtained with a heterogeneous insect population provided 
that homogeneous groups, each of sufficient size to provide 
for the desired treatments, could be drawn from the popu-> 
latlon* 
-35-
Lethal concentrations for emulsions of dlnltro-o-cyclo-
hexylpihenol dissolved in petroleum oil have been esta1>li8bed 
with respect to the amount of the dinltro-compoiind dissolved 
in the oil phase of the emtilslons and the concentrations of 
oil pliis the compoiand in the dilttted sprays* The toxicities 
of the mixtures for eggs and scale were represented by curves* 
It has been determined that because of the high toxicity 
of dinitro-o-cyclohexylphenolf only a relatively ftnall con­
centration of petroleum oil is necessary to carry an effective 
concentration of the dinltro-compo\md« 
The use of the mixtures for control of Insects during the 
dormant period is Indicated* 
-36 
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PART TWO 
THE TOXICITY OP SOME NIIRO-PHENOLS AS STOKACH 
POISONS FOR SEVERAL SPECIES OP INSECTS 
39 
!• IHTEODDCTIOH 
Synthetic organic compotinds appear to offer excellent 
possibilities for the development of efficient stoxnach poisons 
for insects* However, only a few compounds whose toxicities 
to certain insects have been evaluated on an individual dosage 
basis, have compared favorably in toxicity with the arsenicals* 
This part of the thesis includes the results obtained with a 
group of nitro-phenols of which 2-4 dlnitro-6-cyclohexylphenol 
and some of its salts have shown considerable promise as 
stomach poisons for insects* 
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II, HISTORICAL 
Very few nl tro-»pihenols iiave been tested as dbomaeh poisons 
for insects* Jackson and Lefroy (8) found that the ammonium 
and potassium salts of 3-5 dinitro-o-oresol and 3-5 dlnltro-p-
cresol were toxic as stomach poisons for the house fly* Musca 
domestica L, The ortho-oresylates were more effective than 
the para-cresylates. Hargreaves (7) tested several nitro-
johenols as st(»nach poisons for certain species of lepidopterous 
larvae and obtained results comparable to those of Jackson and 
Lefroy# Dinitrojflienol gave indications of toxicity as a 
stomach poison. McAllister and Van Leeu^n (9) tested 283 
compounds which were largely organic and representing a number 
of series of organic chemicals, against larvae of the codling 
moth# Carpocapsa pomonella L, 2-4 dinitrophenol, 3-5 dinitro-
o-cresol, and 2-6 dinitro-4-chloropihenol were among those 
compounds which gave the most ixromisisig results* Because of 
the technique which they used in testing the compotmds, it is 
difficult to ascertain whether the com|>ounds were toxic as 
stomach poisons or as contact poisons* 
None of the above nitro-phenols were evaluated on an indi­
vidual dosage basis; therefore, it is difficult to make com­
parisons with more recent toxicity data* 
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The author is reasonably certain that none of the organic 
compounds employed in this investigation^ with the possible 
exception of the lead salt of 3-5 dinitro-o-cresol, have been 
reported for insecticidal value as stomach poisons for insects* 
-42-
III. MATERIALS AND METHODS 
A. Materials 
The insects employed In these experiments were the com 
ear worm, Hellothia obsoleta Pabriclus, the annyworm, Cirphl3 
tmipuncta Haworth, the imported cabbage worm, Ascla rapae L,, 
and the red-legged grasshopper, Melanoplus femur-rubrum 
De Geer* Last-instar larvae and adult grasshoppers were used 
exclusively. 
The organic chemicals used in the stomach poison experi-
ments were as follows: 2-4 dinitro-6-cyclohexylphenol and 
its calcium, magnesium, copper, and lead salts; calcium 2-6 
dinitro-4-cyolohexylphenatej calcium 2-4 dlnitro-6-phenylphenate; 
lead 3—6 dinitro-o-cresylate (lead 2-4 dlnitro-6-iaethylphenate) • 
The sample of acid lead arsenate, PbHAaO^, (FbO 64.50 per cent, 
AsgOg 32,88 per cent, water-soluble AsgOg 0.22 per cent) was 
obtained from Richardson (11). The sample of arsenic tri-
oxide (ASgO^) was chemically pure. 
-itThe organic chemicals were prepared by the research 
laboratories of The Dow Chemical Ccmpany, Midland, Michigan. 
S. Patent no. 1,880,404. 
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B. Methods used In the Ezperlmenta 
A quantitative method for the administration of known 
dosages of toxic compounds to lepidopterous lasrvae and for 
the estimation of the relative toxicity of stomach poison 
insecticides was published by Campbell and Pilmer (3). Follow­
ing this publication Campbell (4), Stellwaag (15)» Richardson 
and Haas (11)» and Bulger (1 and 2), have suggested many 
improvements and modifications in the methods of administering 
poisons and calculating the dosages fed to the insects. 
The modified method employed for the determination of a 
median lethal dose i^ich is a mathematical estimate 
of the dosage required to kill 50 per cent of the population, 
is as follows; Disks of known area in square millimeters were 
cut by means of a cork borer from the foliage which the larvae 
naturally consumed. A piece of millimeter graph paper which 
was ten times the area of a plant disk, and a number of plant 
disksf were arranged on a glass plate* A bell jar into which 
had been suspended a quantity of the compound under examin­
ation was placed over them and an approximate quantity of the 
«Xn this investigation the modified method of feeding the 
larvae and calculation of the known dosages was worked out by 
Richardson and Hansberry (unpublished method)* They combined 
some of the ideas given previously by the other workers and 
offered a few changes in the technique. Since the changes made 
in the leaf sandwich method of Campbell and Filmer (3) will be 
given more in detail In a later publication it will suffice hero 
to summarize briefly the teohxiiqiae* 
chemical was allowed to settle on the disks* The bell jar was 
then carefully removed and the weight of poison that had settled 
on the piece of paper was determined. Prom this weight the 
milligrams of poison per sqiiare millimeter were calculated* 
The plant disks were carefully transferred with forceps to 
stender dishes containing a quantity of moist sand, iiftiich was 
used to prevent shrinkage of the leaf disks, and were placed 
with the i)oisoned side next to the sand in such a manner that 
the covering of the poison was not distiirbed. A htingry larva 
was placed in each dish and was allowed to eat a portion of the 
single leaf or open-faced sandwich* During this feeding operation 
constant care and observation was necessaz^* If a larva mauled 
the disk or deranged the covering of poison in any way, the worm 
was discarded. Usually the larva held the disk by the edge 
with its thoracic legs and fed on the sandwich without disturb­
ing the covering of poison* This sirgle leaf method worked 
very successfully with a toxic compound such as calcium 2-4 
dlnitro-6-cyclohexylphenate, but in the case of a relatively 
non-toxic compound where heavy dosages of poison were given the 
laz^ae it was necessary to revert to the use of the double leaf 
sandwich (3)* After a larva had eaten a desired quantity of 
the poison leaf disk it was removed from the dish and the area 
consumed was estinated to the nearest square millimeter with 
the aid of a binocular microscope. The poisoned larva was 
weighed, supplied with fresh green foliage, and observed at 
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intervals during the day» Prom the area consumed, the weight 
of poison per square milliaieter, and the weight of the larvaj 
the dosage was calculated in milligrains per gram of body 
weight • 
The method published by Richardson and Haaa (11) and 
Richardson and Thurber (12) for the administration of known 
dosages of toxic compounds in baits to adult grasshoppers was 
followed in detail. 
Each day's lot of treated insects was accompanied by 
controls or check insects obtained from the same population. 
There was very little parasitism among the controls and among 
the treated insects. Furthermore, very few cases of wilt 
disease were observed. With the grasshoppers and the three 
species of lepidopterous larvae, the mortality in the controls 
was small enough to be considered negligible and was therefore 
disregarded in calctilating the results • 
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IV. RESULSrS 
The atomnary of the results with acid lead arsenate, arsenic 
trloxide, ai5d the several organic compounds In toxicity experi­
ments with the corn ear worm, armywonn# cahbage worm, and 
grasshopper have been summarized in Table V« The data were 
arrayed according to dosages and grouped into the three zones, 
the lethal, sublethal, and intermediate* The latter zone which 
is of primary interest is delimited by those dosages that were 
lethal to some and sublethal to others. In the intermediate 
zone, the mean dosage of larvae that died and the mean dosage 
of larvae that recovered were averaged (weigjited) to furnish 
an estimated value for the median lethal dose (M«L«D.)* The 
data were not grouped into time survival groups according to 
the method of Richardson and Haas (10, 11) because the writer 
was primarily interested in the ultimate death or recovery of 
the insects* The survival times were determined approximately 
and have been summarized in the table* 
A comparison of the means by the small sample method of 
Pisher (6) showed that 2-4 dlnitro-6-cyclohexylphenol and the 
calcium, magnesium, lead and copper salts were very signi­
ficantly more toxic to the com ear wom than acid lead 
arsenate* The calcium salt with a M.L.D* of about 0.069 mg* 
per gram was the most toxic of the lethal compounds and was 
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moro than fovir times as toxic as acid lead arsenate vhlcii had 
a M.L.D. of ahout 0.26 mg# per gram. The copper salt of 2-4 
dlnltro-6—cyclohezylphenol was the least toxic of the lethal 
organic compounds and It was nearly three times as toxic as 
acid lead arsenate. 
A statistical treatment of the data in the intermediate 
zones for dosages of 2-4-dlnltro-6-c7clohexylplxenol and its 
salts was made according to the method of expected numbers for 
tables of mxiltiple claaalflcation with disproportionate sub­
class numbers (14). The analysis of variance (13} is given 
below in Table VI. 
Table VI, Analysis of Variance of the Dosages of 
2-4 dlnltro-6-*cyolohexylphenol and Pour 
of its Salts* 
Source of Variation Degrees of 
IS?eedom 
Sum of Squares Mean Square 
Total 198 0.15S658 0.000776 
Within Classes 189 0.116673 I 0.000617 
Between Means of Dead 
and Recovered 1 0.001888 0.008670 
Between Means of 
Treatments 4 : 
• 
t 
0.034683 i 0.008670 
Interaction 0.000414 0.000104 
«49. 
Variation frcan known sources, between the larvae that died 
and those that recovered in the Intermediate zone, between the 
means of treatment with dlnltro-o-cyclohexylphenol and Its salts, 
and the Interaction, have been segregated from the total mean 
square. The remainder, the variation within the classes. Is 
properly attributed to experimental error* 
The mean square between the larvae that died and those 
that recovered In the Intermediate zone Is not significantly 
different from the experimental error as evidenced by the 
statistic, P = 0«001888/0»000617 ta 3»0599« Therefore, the two 
means for each of the compoimds differ only so m\ich as wottld 
be expected In random sampling frcan a homogeneous population* 
Furthermore, It was expected that In the Intermediate zone a 
similar mean dosage which was not significantly different would 
be obtained with the larvae that recovered as compared with the 
larvae that died. This Is evidenced by the non-slgnlflcance of 
the Interaction which Is a measure of the failure of the differ­
ences of the means to be alike* The analysis thus far shows 
rather concliislvely that the mathematical average of the mean 
dosage of laz*vae that died and the mean dosage of larvae that 
recovered Is a good criterion of the M*L*D,, which Is a mathe­
matical estimate of the dosage reqiilred to kill fifty per cent 
of the population* 
The mean square between means of treatments with 2-4 dl-
nltro-6-cyclohexylphenol and Its salts Is highly significantly 
different from the experimental error (P = 0*00867l/0»000617 m 
-50-
14.OSS), thus showing that the M.L.Da. of the five compotutids 
are heterogeneous and that the chances are less than one in 
a hundred, of obtaining similar values in random aamping from 
a homogeneoios population* Xhe median lethal dosages were 
compared using the variance 0»00617 with its associated standard 
deviation of 0.0248 mg. per gram as the standard against which 
to test significance* The calcium salt was the most toxlc^ the 
copper salt was the least toxic, while the magnesium and lead 
salts, the M.L*Ds» of which were not significantly different, 
occupied an intermediate position* The llrUL*Ds* of magnesium, 
lead, and copper salts were not significantly different from 
the U«L*D, of the parent phenol, 2-4 dinitro-6-cyclohexylphenol* 
The calcium salt, however, was very significantly more toxic 
than the phenol* 
It is difficult to find a reasonable explanation for the 
differences in toxicity displayed by 2-4 dinitro-6-cyclohexyl-
phenol and the four salts to the corn ear worm* There are 
perhaps a multitude of rather intangible factors that might be 
responsible, such as solubility differences of the compounds 
in the intestine of the insect, sjrnerglstlc and antagonistic 
actions of the anions and cations, permeability, possible 
differences of reactions and rates of reactions with digest­
ive secretions, and other physical, physiological, and chemical 
differences in their behavior* A comparison of the toxicities 
of the salts with the parent phenol shows that in the case of 
the lead and copper salts the metallic ions probably add 
-51-
aufficlently to the toxicity to compensate for a loss of 
toxicity due to the percentage decrease of 2-4 dlnitro-6-
oyclohexylphenol contained in the molecules of their salts. 
Since the elements, calcitmi aiid magnesium^ are not knovn to 
possess outstanding toxic properties, no suitable explanation 
other than solubility relationships justifies the relative 
toxicities obtained with their respective salts* Although 
the differences between the M.L.Ds* of the salts with the 
exception of those given are very highly significant 
statistically, the toxicities of the phenol and the fo\ir salts 
are of the same general order with mean differences that are 
not numerically large# The compounds possess approximately the 
same mean survival times and produced as well as could be 
observed about the same toxic symptoms* 
Calcium 2-4 dinitro-6-phenylpheante, calcium 2-6 dinitro-
4-cyclohexylphenate, and lead 3-5 dinltro-o-cresylate were not 
sufficiently toxic as stomach poisons to estimate M#L#Ds*, but 
the data were considered sufficiently interesting to be 
summarized in Table V» Calcium 2-4 dinitro-6-phenylphenat;6 
showed definite toxicity as a st<miach poison to the com ear 
worm, but 'was too deterrent in large dosages to estimate the 
M.L.D# Calcium 2-6-dinitro-4-cyclohe3cylpSienate failed to kill 
a single larva with dosages as hl^ as 0*5 mg» per gram. The 
fact that this compound had little toxicity as a stomach 
poison was considered rather interesting because it differs 
structurally from the very toxic calcium 2-4 dlnitro-6«oyclo« 
•52-
hexylphenate only in the reversal of groups in the ortho and 
para positions# Jackson and Lefroy (8) and Hargreaves (7) 
concluded that the ammonium and potassi\3m salts of 3-5 dinitro-
o-cresol were the most toxic as stomach poisons for house flies 
and certain lepidopteroua larvae# These workers observed that 
the salts were very deterrent. It is rather interesting to note^ 
in regard to the present investigation, that the lead salt of 
3-5 dinitro-o-cresol was found to be very distasteful and non­
toxic to corn ear worm larvae within the range of dosages 
constuned* Since the siiblethal dosages taken by the larvae were 
within the lethal and interaediate zones for calcium 2-4 di-
nitro-6-cyclohexylphenate it may be concluded that the cresylato 
is of a much lower order of toxicity# 
The results of the toxicity experiments with the armyworm 
have been arrayed and summarized in Table V« The M.L.Ds# of 
acid lead arsenate and calcium 2-4 dinltro-6-cyclohexylphenate 
were determined to be about 0.26 and 0.015 mg# per gram 
respectively. These values show that the calcium salt is about 
17 times more toxic than acid lead arsenate. Although the time 
data are less accurate than the dosage data, a comparison of the 
mean survival times for the two cofmpounds shows that the speed 
of toxic action is considerably greater for the calcium salt. 
«The M.L.Ds. of acid lead arsenate to the armyworm and 
Imported cabbage worm were determined by Richardson and iWsberry 
(unpublished data). The values were determined at the same time, 
by means of the same method, and with Insects drawn from the 
same populations• 
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The toxicity data given in Table V on the cabbage vorm 
show analogous results to those obtained with the com ear worm 
and the armyworm* A statistical treatment of the data for the 
two compounds show that calcium 2-4 dinitro-S-cyclohexylphenata 
(M»L«D» s 0,073) is very significantly mare toxic than acid lead 
arsenate (M«L«D« s 0*095)• The cabbage worm was less resistant 
to the acid lead arsenate and more z^sistant to the calcium 
salt. 
In the stomach poison experiments with the red-legged 
grasshopper the toxicities of 2-4 dinltro-6-cyclohexylphenol 
and its calcium salt were compared with arsenic trioxide, 
AsgO^y which is commonly employed in grasshopper baits* Acid 
lead arsenate was not employed in experiments as a basis for 
comparison because the comi>ound has rather limited toxicity 
(12) to grasshoppers and is not used in the baits. A comparison 
of the M«L«Ds« of the compounds as given in Table V show that 
2-4 dlnitro-6-cyclohexylpihenol is more than twice as toxic as 
arsenic trioxide while the calcium salt of the phenol which 
has consistently shown high toxicity to the insect larvae had 
relatively low toxicity# Comparison of the survival time data 
shows that the speed of toxic action of the phenol is approx­
imately twice that of arsenic trioxide* Bait mixtures con­
taining large amounts of the calcium salt were so distasteful 
to the grasshoppers that efforts to feed lethal doses were 
futile* The data were inadequate for the estimation of the 
H*L«D» 
••54— 
V, Discussion OP RESULTS 
Campbell's stomach poison experiments vith coal-tar dyes 
(5) showed that four lethal dyes, malachite green, brilliant 
green, safranin bluish, crystal violet, had toxicities of the 
same order of magnitude as certain arsenicals* Mala<^te 
green s about 0*025 mg« per gram) was the most toxic 
dye tested and it was only 3*6 times more toxic than acid lead 
arsenate (li£«L«D« = about 0*09 mg* per gram) to the fourth-
instar silkworm* In this investigation calcium 2-4 dinitro-6-
cyclohezylphenate was found to be tbe moat toxic stomach poison* 
The compound was consistently more toxic than acid lead 
arsenate to the com ear worm, armyworm, and cabbage worm* 
The calcium salt was not very toxic to the red-legged grass­
hopper, but the phenol was about 2*5 times more toxic than 
arsenic trioxide* 
The results of the armyworm experiments indicate that 
calcium 2-4 dinltro-6-cycl6hexyli>henate is the most toxic 
synthetic organic stomach poison reported in the literature 
since the M*L*I}* of about 0*015 mg* per gram is smaller than 
those recorded for malachite green (5) and cuprous cyanide 
(12)* A comparison of survival times show that the speed of 
toxic action of 2-4 dinitro-e-cyclohexyli^enol and the four 
salts is about the same as malachite green and brilliant 
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green althotish the sturvlval time data for the dyes were 
determined by injection administration^ rather than by mouth* 
The speed of toxic action for the dyes woTild very probably be 
much slower by oral administration# 
Another point of interest is the fact that 2-4 dinitro-
S-cycloheacylphenol is a dye fromx the standpoint that the 
molecule is in possession of chromophoric and au^cochromic 
groups* The compound lacks» however» many essential characters 
necessary for good dye stuffs and is not termed a coal-tar dye* 
Furthermore, the phenol is only remotely related structurally 
to the triphenylmethane and safranin dyes found toxic by 
Campbelly and consequently it is unreasonable to assume a 
similarity of toxic action although they have apparently about 
the same relative toxicity» when the various species of insects 
used are disregarded* 
2-4 dlnitro-6-cyclohexylphenol has several advantages as 
a stomach x)oison over such a compound as malachite green. The 
phenol is practically insoluble in water whereas malachite 
green is easily soluble* The soditoa salt of the phenol is 
water soluble, but the calcivsn, magnesium* lead, and copper 
salts are only very slightly soluble* It is probable that 
the compound has a further advantage In not being very toxic 
to man and several other vertebrates on which the chemical has 
been tested* Tainter, et al*, (16) found that 2-4 dinitro-6-
cyclohexylphenol was 15 per cent less toxic than 2-4 dinitro-
-56-
phenol to pigeons« and that a dosage of 20 aig« per kilogram^ 
which is a rather large dosage, was fatal to dogs. Further­
more« the compound failed to stimulate netabolisia in the rat 
and in man* The writer has worked with the chemical for three 
years without any noticeable injurious effects such as skin 
rashes and other toxic symptoms characteristic of poisoning 
with nitro-i^enols* 
It liao been previously pointed out that 2-4 dinltro-6-
cyclohexylphenol and four salts were several times more toxic 
than acid load arsenate to the corn ear worm# Other related 
organic chemicals, calcium 2-4 dlnitro-6-phenylphenate, calcium 
2-6 dlnltro-4-cyclohexylphenate, and lead 3-5 dinitro-o-
cresylate, that were tested as stomach poisons against the com 
ear worm had little or no toxicity. The results with these 
compounds are Interesting from the standpoint that they point 
out certain relationships of molecular structure to toxicity* 
The substitution of a phenyl or methyl group for the cyclo-
hezyl group on llo« 6 carbon atom of 2-4 dlnitro-6-cyclohexyl-
phenol greatly reduced or destroyed the toxicity of the 
molecule. The reversal of the groups in the 4-6 positions 
destroyed the high toxicity of the molecule* The cyclohexyl 
group in the ortho position to the hydroxyl group with nltro 
groups in the 2-4 positions is probably the most toxic arrange­
ment* The Intra-molecular relationships of the several groups 
on the benzene ring are responsible for the toxicity rather 
than any specific group* It is very probable that any change 
or devlatlori from the structure of 2-4 dinltro-6-cyclohexyl-
-57-
phenol will greatly reduce toxicity• Bie data at iipesent 
available concerning related and isomeric compounds are too 
inadequate for definite conclusions to be dravn at this time* 
The amount of careful Investigative work with S-'i-di-
nitro-6-cyclohexylphenol is insufficient for making claims 
for the practical usefulness of the compound as a stomach 
poison for insects* The results with the compound have been 
very promising and worthy of practical consideration^ 
58« 
VI. SUMAKT 
Several orsanic compounds not previously examined for 
insecticidal value as stomach poisons have been administered 
by tlie leaf-aandYfich :ji©thod to the last-instar corn ear worms, 
arrayworms, and cabbage worms. 2-4 dlnltro-6-cyclohexylphenol 
and the calcium, magnesium, lead, and copper salts were foimd 
to be several times more toxic than acid lead arsenate to the 
corn ear worm. Calcium 2-4 dinitro-S-cyclohexylphenate which 
was the most toxic salt examined was about 4.4 times more toxic 
than acid lead arsenate to the corn ear worm, 17 times more 
toxic than acid lead arsenate to the armyworm, and significantly 
more toxic than acid lead arsenate to the cabbage worm. 
The speed of toxic action for 2-4 dlnitro-6-cyclohexyl-
phenol and the four salts was several times greater than for 
acid lead arsenate. The mean s'orvival times ranged from 2 to 
5 hours. 
Arsenic trioxide, 2-4 dlnitro-6-cyclohexylphenol and the 
calcium salt were fed quantitatively in baits to the red-
legged grasshopper# The calcium salt displayed rather low 
toxicity, but the phenol was 2.5 times more toxic than 
arsenic trioxide. Purthe3?more, the speed of toxic action was 
approximately twice that of the arsenical# 
•59** 
The chemicals related structurally to 2-4 dliiitro-6-
cyclohexylidienol had little toxicity as stomach poisons* The 
indications were that deviations from the structure of the 
lethal phenol reatilted in partial or complete loss of the high 
toxicity to insects* 
The consistent and prouiisine: results obtained with 2-
4 dinitro-S-cyclohexylphenol and the four salts, appear to 
recosnmend them for practical consideration as stomach poisons 
for ssandibulate insects* 
•"60» 
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